Introduction
Chronic heart failure (HF) is the most common cause for hospital admissions in Western countries. It is the end result of various cardiovascular diseases, and obesity, diabetes, hypercholesterolaemia, and smoking are among the most important risk factors for these diseases. While the prevalence of smoking has already decreased and will further decline in most developed countries, 1 the prevalence of obesity 2 and diabetes 3 is still on the rise, which will have an important impact on the prevalence of HF in decades to come. The treatment of diabetes has long been a dilemma since many glucose-lowering agents increase the risk of cardiovascular disease and, in particular, of HF. 4 Empagliflozin is an inhibitor of the sodium glucose cotransporter 2 (SGLT-2); inhibiting SGLT-2 decreases urinary glucose extraction, thereby reducing serum glucose and glycated haemoglobin (HbA1c) levels. Surprisingly, this drug substantially reduced the risk of HF and even total mortality of patients with diabetes at high cardiovascular risk in the EMPA-REG OUTCOME trial. 5 These results spurred new enthusiasm in the medical community that potentially drugs that affect metabolism may be of benefit in patients not only with diabetes but also with HF. 6 Independent of its effects on the vasculature, diabetes directly affects cardiac morphology and function and can lead to diabetic cardiomyopathy. 7 Patients with HF have either reduced (HFrEF) or preserved ejection fraction (HFpEF), and in particular in patients with HFpEF, metabolic dysfunction is thought to play an important pathophysiological role by triggering inflammation that is an upstream mechanism of cardiomyocyte stiffness and cardiac fibrosis. 8 While in patients with HFrEF, inhibiting neuroendocrine activation and slowing heart rate reduce morbidity and mortality, this is not the case in patients with HFpEF. 9 This may indicate that the pathophysiology of HFpEF may be different from that of HFrEF and not just an earlier time point in a continuum of HF progression. In light of these concepts, the aim of this Spotlight Issue of Cardiovascular Research is to highlight (i) how metabolic alterations, which occur during obesity and diabetes, impact cardiac biology and function and (ii) how metabolic alterations in the context of cardiac hypertrophy and failure of other causes (hypertension, ischaemia, etc.) contribute to myocardial remodelling and dysfunction.
Substrate utilization
The normal heart utilizes primarily fatty acids ($70%) and to a lesser extent glucose ($30%). However, it is an omnivore that can adapt its substrate utilization to the respective availability, facilitated by the regulatory feedback loops of the Randle cycle. 10 In patients with
HFrEF, alterations of substrate utilization occur at different stages of the syndrome, and it has been a controversy whether these alterations are adaptive or maladaptive. 10 Ritterhoff and Tian 11 focus on these metabolic alterations but also on substrates whose involvement and importance in normal and failing hearts has become apparent only more recently, such as branched chain amino acids and ketone bodies. Furthermore, the consequences of the accumulation of metabolic intermediates that can induce signalling in their own right by epigenetic regulation, post-translational protein modifications (such as GlcNAcylation), lipotoxicity and/or redox signaling are also discussed.
In patients with diabetes, the heart loses its metabolic flexibility related to insulin resistance and peroxisome proliferator activated receptor a (PPARa) signalling, virtually shutting down glucose utilization. Further to PPARa effects, post-translational acetylation of mitochondrial proteins rewires metabolic flux towards fatty acid oxidation in diabetes, thereby further aggravating the metabolic inflexibility of the diabetic heart. 12 In this Special Issue, Chong et al. 13 delineate the detailed alterations of substrate utilization that occur in the diabetic heart and also touch on the relevance of ketones and lactate as metabolic substrates. Together with the review by Ritterhoff and Tian 11 , this provides a comprehensive view on substrate utilization and its alterations in diabetes and HF and therefore may allow to identify similarities but also important differences between these disease states. Moreover, several drugs that can interfere with substrate utilization and, in particular, with fatty acid oxidation (such as trimetazidin, perhexilline, and ranolazine) are available but have not been comprehensively tested in patients with HF yet. Furthermore, by gaining new insight into substrate metabolism, novel targets and/or ways to provide substrates may be revealed. A recent promising example is that nutritional ketosis can substantially improve endurance performance in atheletes. 17 reported on the protective role of activating transcription factor 3 (ATF3), which dampens inflammation, insulin sensitivity, and maladaptive cardiac remodelling in response to a high-fat diet.
Cell-cell communication
Very recently, Wang et al. 18 identified a protective cell-cell communication pathway that temporarily protects from the development of diabetic cardiomyopathy. In response to high glucose, endothelial cells release heparanase that is taken up by cardiac myoctyes, where it stimulates the expression of anti-apoptotic genes. This protective mechanism is lost during more long-standing diabetes, where heparanase may contribute to lipotoxicity and thereby potentially to the development of diabetic cardiomyopathy. 18 Furthermore, Wan and Rodrigues 19 from the same lab recently gave a comprehensive overview on endothelial-cardiac myocyte cross-talk in diabetic cardiomyopathy, highlighting important differences in substrate utilization between these cell types. Furthermore, they also review how one cell type can influence the fate of the respective other in a complex intercellular signalling network that may harbour some promising targets for the treatment of diabetic cardiomyopathy.
Atrial fibrillation
Diabetes is also an important risk factor for atrial fibrillation (AF). The serine protease cathepsin A (CatA) is up-regulated in diabetes and involved in the degradation of extracellular peptides. In a recent issue of Cardiovascular Research, Linz et al. 20 observed that transgenic overexpression of CatA increases atrial fibrosis and susceptibility to AF. Vice versa, pharmacological blockade of CatA ameliorated structural and electrical remodelling of atria in a diabetes rat model, reducing the susceptibility to AF. Therefore, CatA antagonism may be a novel therapeutic option in patients with diabetes to prevent and/or treat AF.
Gender aspects
Female sex appears to predispose to metabolic cardiomyopathies: Heart disease is five times more common in diabetic women but only twice as common in diabetic men. Sex differences in baseline cardiac metabolism and calcium handling have also been described. Murphy et al. 21 discuss the signalling pathways that play a role in these sex differences in metabolic cardiomyopathies.
In patients with HF, cardiolipin, a key phospholipid of the inner mitochondrial membrane, becomes oxidized and thereby its function impaired. This can lead to a disassembly of the complexes of the respiratory chain, which can lead to more production of reactive oxygen species (ROS) and less adenosine triphosphate. 22 SS-31 is a novel Figure 1 Cloud of all the words included in the papers of this Special issue on metabolic cardiomyopathies. view the current literature and highlight which consequences the ensuing cardiolipin remodelling has for mitochondrial, cellular and in particular, cardiac function. Besides gaining insight into one rare, yet classical 'mitochondrial cardiomyopathy', these insights will also allow conclusions for more general forms of cardiomyopathies due to the mentioned cardiolipin defects in HF patients. 22 
Conclusions
In conclusion, metabolic cardiomyopathies are an important and growing health concern. This Spotlight Issue covers traditional (metabolism) and newer (inflammation and sex differences) topics in metabolic cardiomyopathies and provides fresh insights into a growing and-in light of the current epidemiological developments-urgently needed area of research and treatment ( Figure 1 ).
